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ABSTRACT

A new semiorganic nonlinear optical thiourea potass magnesium sulphate (TPMS) crystal was synésiz
TPMS single crystals were grown from aqueous swiuby slow evaporation technique. The solubilitf BMS was
determined for various temperatures. Single cry3tahy diffraction (XRD) study was carried out wentify the
lattice parameters. Various diffracting planes lo¢ tgrown crystal were identified from the powder)-diffraction
study. Fourier transform infrared (FT-IR) studiesnéirm the various functional groups present in t@wn
crystal. The transmission spectrum of this crystabws that the lower cut off wavelength lies at 224 The
thermal analysis confirmed that the crystal is falyp to 223°C. Microhardness studies revealed thathardness
of the grown crystal increases with an increaséoad. The nonlinear optical (NLO) property of theogn crystal
has been confirmed by Kurtz powder second harngeneration (SHG) test.

Keywords: NLO, XRD, FT-IR, DTA/TGA, Micro hardness.

INTRODUCTION

Efficient nonlinear optical (NLO) crystals are rémal for laser devices due to technological impwetain the fields
of opto electronics, signal processing, instrumtgonaand optical communication [1, 2]. In the recgeaars semi
organic NLO crystals are attracting a great dedattefntion due to their high NLO efficiency, higardage threshold
and high mechanical strength than organic NLO afgstn semi organic materials the organic ligandbnically
bonded with inorganic host and hence semi orgarystals are having higher chemical stability andchamical
strength [3]. Among the semi organic NLO materialsetal complexes of thiourea, have a low UV cut off
wavelength which is applicable for frequency cosi@m and second harmonic generation [4-8]. Thiousea
centrosymmetric molecule, when coordinated withahins it becomes non-centrosymmetric materiadxbibit
nonlinear optical activity. Zinc thiourea sulphd#TS) is an excellent NLO material for type Il sadoharmonic
generation and is nearly 1.2 times more nonlinezn KDP [9].

Some of the efficient NLO crystals of metal organamplexes of thiourea such as zinc thiourea aido(ZTC)
[10], bisthiourea cadmium chloride (BTCC) [11] atristhiourea magnesium sulphate (MTS) [12] havealy
been reported. The theory of double- radical mddeyjanic conjugated molecular groups are includedhie
distorted polyhedron of coordination complex) wasught up in 1987 [13]. With the guidance of thiedry, many
metal- organic coordination complexes of thioureaterials, with good NLO effect have been designad a
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synthesized [14- 20]. In this present investigat@mew metal- organic NLO crystal crystal of thiea potassium
magnesium sulphate (TPMS) is reported for the finsé and the grown crystals have been charactkliyesarious
characterization studies.

MATERIALSAND METHODS

2.1 Synthesis

TPMS salt was synthesized by dissolving thioure® (@ade), potassium sulphate (AR grade) and magmesi
sulphate hepta hydrate (AR grade) in the ratio.35:00.75 in double distilled water. The preparetutson was
slightly heated up and solvent was allowed to exatgo TPMS was synthesized as per the followingtiea

3[CS (NH),] + K;SOp+ MgSQ,. 7H,0 — K, Mg [CS (NH,)2]3S0,. 7H,0O
The synthesized TPMS salt was purified by successgrystallization processes.

2.2 Crystal growth
In order to grow bulk single crystals of TPMS, gwubility of the synthesized material was deteedimt different
temperatures (35- 45°C). The gravimetric method agspted to determine solubility and this was edrnout in a
constant temperature bath (+0.01°C). The solutias stirred continuously for 6 hours in a magndfites. Fig. 1
shows that TPMS has a positive solubility- tempeeatgradient. The saturated solution prepared aC 3Bas
filtered using Whatman filter paper. The filtereslwtion was taken in the beaker and closed witliopated cover
and was kept in a constant temperature bath maedaat 35°C. The solvent was allowed to evaporaw!s
TPMS crystal of size 20x 25x 10 mmvas harvested from the mother solution with a tspan of 30 days. The
grown TPMS crystal is shown in Fig. 2.
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Fig. 1: Solubility curveof TPM S Fig. 2. Asgrown crystal of TPM S

RESULTSAND DISCUSSION

3.1 X- ray diffraction analysis.

The grown crystals were subjected to single cry3talray diffraction using an ENRAF NONIUS CAD-4
diffractometer with Mo K (A= 0.71073A) radiation at room temperature. The tatybelongs to orthorhombic
system. The observed unit cell parameters are giwefable 1 and the observed values are comparéd wi
tristhiourea magnesium sulphate [12].
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Table 1 :Comparison of lattice parameters of TPMSwith M TS

parameters TPMS MTS
Present work  [12]
a(A) 7.7¢ 5.48:
b(A) 11.17 7.672
c(R) 15.50 8.562
Cell 1349 360
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Fig. 3: Indexed powder XRD pattern of TPM S

Powder XRD pattern of TPMS was recorded using & FBeifert diffractometer with Cu & (\= 1.54059 A)
radiation. The powder sample was scanned overathger 10- 80° at a rate of 1° per minute and thedeou-ray
diffraction patterns were indexed using Check seftware (Fig. 3).

3.2 FT-IR analysis
Fourier transform infrared (FT-IR) spectrum wasoreled with a Perkin- Elemer RXI spectrometer usiiy pellet

technique in the wavenumber range 400- 4000 omorder to confirm the presence of functionalup® and the
coordination of ligand- to- metal ions. The recatd€l-IR spectrum of the TPMS compound is showni@ &. In
the high frequency region sharp intense peaks wedeat 3310 and 3192 chare attributed to asymmetric and
symmetric stretching vibrational modes of Néf thiourea molecule [21]. The NH stretching dbtlrea is observed
to form a broad envelope between 3300 and 1600 dume to its hydrogen bonding interaction with the
neighbouring anion complex. The C= S stretch afuhea is slightly shifted to lower value than pthimurea [22]
due to its coordinate interaction with metal iomalfle 2). Besides, this interaction is also evidena shift in the N-
C- N stretch of thiourea to higher value in TPM$stals compared to pure thiourea [23]. The C= Sdioation to
metal ion enhances the resonance delocalizatioNHf lone pair electrons, thus providing more doubledo
character for N- C- N, and hence both symmetricasyinmetric N- C- N stretching is shifted to highatues [24].
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Fig. 4: FT-IR spectrum of TPM S

In pure thiourea, C= S is bonded to NMhereas in TPMS crystals it is bonded to metas iand therefore the C=
S stretching vibration is also shifted to lowerued from 730 to 713 chand this shifting of C= S stretching
frequency confirms the coordination of metal- suipbond [25]. The intense band at 615cia due to NH
bending vibration. The peak at 1627 tmith very strong intensity could be assigned to,Midymmetric bending
vibrations [26]. The strong band centered at 118" corresponds to NHrocking vibrations. The N- C- N
symmetric stretching vibration of pure thiourea][28cur at 1470 cih and in TPMS this frequency is slightly
increased and observed at 1508 dmecause of the greater double bond character bf ind. The strong peak at
1399 cnt can be assigned to C= S asymmetric stretchingtitir of TPMS complex. From the FT-IR spectral
analysis, the presence of functional groups and dberdination ligands of TPMS were confirmed aneé th

assignment of functional groups is compared witteghiourea, zinc thiourea sulphate (ZTS) [27] &gthiourea
magnesium sulphate (MTS) [12] and is given in Table

Table 2 :Comparison of | R bands of TPM Swith thiourea, ZTSand MTS

Thiourea[23] ZTS[27] MTS[12] TPMS AsSanments
cm? cm? cm? Present work cm™ 9
337¢ 337¢ 336¢ 331(C Va(NHy)
- 3306 3208 - Vad(NHy)
3167 3206 - 3192 ve(NHy)
1627 163: 1611 1627 Sad(NH>)
- 1515 1472 1508 v<(N-C-N)
1417 1404 1413 1399 va{C=S)
108¢ 112¢ 108/ 1122 p(NH,)
740 717 730 713 v(C=S)
- - - 615 S(NHy)
411 424 431 427 3¢(N-C-N)

vas@symmetric stretchings-symmetric stretchingasasymmetric bending; rocking,d-bending ds symmetric bending

3.3 UV- vis studies

UV- vis transmittance spectrum of TPMS crystal itkness 2 mm was recorded using Perkin Elmer- ten85b
UV- vis spectrophotometer in the range of 190- 1@60and is shown in Fig. 5. The UV transparencydiowautoff
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wavelength occurs at 224 nm. The absence of alisorpt light in the visible region (330- 800 nm)adres the
suitability of TPMS crystal for optoelectronic ajmaitions [28].
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Fig. 5: Transmittance spectrum of TPM Scrystal
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Fig.6: TGA/DTA curveof TPMScrystal
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3.4 Thermal analysis

Thermal analysis was carried out using SDT Q60®/kRild 101 simultaneous DTA/TGA analyzer in theagen

atmosphere. The thermo gravimetric analysis(TG#9 differential thermal analysis (DTA) were carriegt for a

sample of weight 2.5510 mg in the temperature ra2@e 1200°C at a heating rate of 20°C/min in nigog
atmosphere (Fig. 6). From TGA it is observed that ¢rystal TPMS has good thermal stability up t8.82°C as
there is no weight loss below that temperature. dlisence of weight loss around 100°C showed tleatltsence of
water molecule in TPMS crystal during the crystallion process [20]. The TGA curve also shows tivate was a
weight loss of about 55.30% in the temperature e&223.68- 362.88°C due to the liberation of vatasilibstance in
the compound.

The DTA curve shows the exothermic peak at 218.73R€ melting point of the substance and it undesgo
irreversible endothermic transition. The secondtfexanic peak at 306.78°C indicates the major deasitipn of
the material. The sharpness of the endothermic peaWw good degree of crystallinity of the grownstay TPMS.
The heat capacity at constant pressuseoCTPMS crystal was measured by differential saagrcalorimetric
(DSC) analysis in the temperature range 20- 12@Q2%Ge heating rate for the system calibration. ékwd sample
weight of 2.5510 mg was placed in a sealed aluDi8& pan. The curve of TPMS is shown in Fig. 7. $hecific
heat of TPMS crystal at 246. 32°C was found to 428 J/g/°C.
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Fig. 7. DSC curveof TPM S

3.5 Microhardness studies

Microhardness test is one of the best methods faterstanding the mechanical properties of matefi29%.
Hardness of the material is a measure of resistdrateoffers to deformation [30]. To find surfacartiness of the
grown TPMS crystal, microhardness was measured #%mto 100 g load using Shimadzu HMV- 2 micromess
tester. The transparent polished crystal free favatks was selected for hardness measurement. iMichoess
studies were carried out at room temperature aadie of indentation is kept constant at 5s fotha# loads. The
hardness of the material, Mas calculated by the relation,#1.8544 P/8kg/mnf. Where P is the applied load and
d is the mean diagonal length of the indentatiorgréph was plotted for hardness versus P (Fig.8wshows
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that the hardness increases with the increaseadf lBrom Meyer’s law P=and connecting the apploed! |(P) and
diagonal length (d) of the indentation, work haidgrcoefficient ‘n’ was calculated. Here, ‘a’ isetitonstant for a
given material. The work hardening coefficient viasnd to be 2.917 by taking a slope in the stralgig of the

graph drawn between log P and log d.
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Fig.8: Variation of hardnessversus P of TPM S

According to Onitsch [31] ‘n’ lies between 1 and for hard materials and is greater that n 1.6stdt materials
[32, 33]. The ‘n’ value observed in the presentigs is around 2.9 suggesting that the grown TPiystal is a
relatively softer material. Yield strength can abeocalculated using the relation [3RF (H./3) (o.n)"™, whereo, is
the yield strength, His the hardness of the material and n is the itbhgaic exponent. According to the relation, the
yield strength is found to be 2.660 MPa and hehegtown TPMS crystal has relatively low mechanstegngth.

3.6 Nonlinear Optical studies

In order to confirm the NLO Property, the powdesagnple of TPMS was subjected to a Kurtz and P& test.

A high intensity Q- switched mode locked Nd: TAGéda of 1064 nm and a pulse width of 10 ns wereeguass
through the powdered sample. The input laser beas directed on the TPMS crystal powder to get marim
SHG. The emitted light passed through an IR filkkeas measured by means of a photomultiplier tube and
oscilloscope assembly. The SHG behavior was coefirftom the output of the laser beam having theemgre
emission }=532 nm). The second harmonic signal of 59mV foMBPwas obtained for an input energy of 3.5 mJ/
pulse. The SHG efficiency of the TPMS crystal weasleated by taking the microcrystalline powder @K as the
reference material. The second harmonic signaK®P is 65 mV. The powder SHG efficiency output viasnd to

be 0.91 times greater with respect to KDP.

CONCLUSION

Good optical single crystal of thiourea potassiuagmesium sulphate was grown from agueous solutidhdslow
evaporation technique at room temperature. Unitpasiameters of the grown crystal TPMS were foupdibgle
crystal XRD analysis. Sharp peaks of powder XRDcspen of the crystal show good crystalline natufethe
compound. The presence of various functional grouas confirmed by FTIR analysis. From the TGA/DTAg
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crystal was thermally stable up to 223°C. The @btiansmittance window and lower cut off waveléngt TPMS
crystal were identified by UV- vis- NIR studies. &lmicrohardness test shows that the hardness wateases
with load, which confirms the reverse indentaticre £ffects of the crystal. The SHG efficiency iagnd to be 0.
91 times that of KDP.
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